Cluster-phase reactions: gas-phase phosphorylation of peptides and model compounds with triphosphate anions.
Molecular clusters provide a unique environment in which chemical reactions between cluster components can occur. In the present study, electrospray ionization is used to examine the behavior of anionic clusters of triphosphate with choline, acetylcholine, and betaine, and the behaviors of cationic clusters of triphosphate with the peptides bradykinin (RPPGFSPFR) and ARRPEGRTWAQPGY. Phosphorylation of a hydroxyl group, when one is present, is shown to be a facile process when the cluster is subjected to collisional activation. Of particular interest is the selective phosphorylation of the hydroxyl substituent in serine and threonine residues of peptides. Less conclusive results are obtained with three peptides containing tyrosine, but the data obtained are consistent with phosphorylation on tyrosine residues. In the absence of residues with hydroxyl substituents, the C-terminus of a peptide is observed to be phosphorylated. The unique chemical reactions reported in this study represent the first examples of gas-phase phosphorylation of alcohols and are also interesting in that they occur at a site remote from charged functional groups in the same molecule. This facile process may have interesting implications for the synthesis of key molecules at the threshold of life.